The aim and objective of the study was to isolate and characterize heavy metal tolerant microorganisms from tannery effluents. Six effluent samples were collected aseptically and their physical and chemical parameters were determined. A total of 40 bacterial colonies were isolated from these effluent samples. Among them, six bacterial isolates were characterized provisionally as Alcaligenes aquamarinus, Bacillus coagulans, Bacillus firmus, Enterobacter cloacae, Pseudomonas alcaligens and Pseudomonas mendocina based on morphological, cultural and biochemical characteristics. The survibality and tolerance to heavy metals (Cr and Cu) of these isolates were examined. All the isolates were found to grow at high concentration of CuSO 4 (95ppm/ml) and varying degrees of chromium (K 2 Cr 2 O 7 ). The highest tolerance was shown by Alcaligenes aquamarinus. These heavy metal tolerant organisms could be potential agents for bioremediation of heavy metals polluted environment.
Introduction
The direct discharge of effluents from tanneries into bodies of water has become a growing environmental problem. Most of these wastewaters are extremely complex mixtures containing inorganic and organic compounds 1 . The tannery operation consists of converting the raw hide or skin into leather, which can be used in the manufacture of a wide range of products. Consequently, the tanning industry is a potentially pollutionintensive industry. Chemical impurities mostly comprise of the following dissolved substances: inorganic salt cations such as Fe 2+ , Zn 2+ , Cu 2+ , Ca + , Na + , etc., anion such as SO 4 2-, NO 3 -, PO 4 3- ; organic parameters such as Dissolved Oxygen (DO), Total Dissolved Solids (TDS) 2 .
Heavy metal contamination is widespread. Heavy metals are often defined as a group of metals whose atomic density is greater than 5 gram per cubic centimeter [3] [4] [5] . In nature, there are about 50 heavy metals of special concern because of their toxicological effect to human beings and other living organisms like microorganisms 6 . Metals play a vital role in the metabolic processes of the biota. Some of the heavy metals are essential and are required by the organisms as micro nutrients (Co, Cu, Ni, Fe, Mn and Zn, etc.) and are known as 'trace elements' 6 . They are involved in redox processes, in order to stabilize molecules through electrostatic interactions, as catalysts in enzymatic reactions, and regulating the osmotic balance 7 . On the other hand, some other heavy metals have no biological role and are detrimental to the organisms even at very low concentration (Cr, Cd, Hg, Pb, etc.). However, at high levels both of the essential and non-essential metals become toxic to the organisms as well as human being.
These heavy metals influence the microbial population by affecting their growth, morphology, biochemical activities and ultimately resulting in decreased biomass and diversity 8 . Heavy metals can damage the cell membranes, alter enzymes specificity, disrupt cellular functions and damage the structure of DNA. Toxicity of these heavy metals occurs through the displacement of essential metals from their native binding sites or through ligand interactions 6 . Also, toxicity can occur as a result of alterations in the conformational structure of the nucleic acids and proteins and interference with oxidative phosphorylation and osmotic balance 6, 9 .
Due to the selective pressure from the metal in the growth environment, microorganisms have evolved various mechanisms to resist the heavy metal stress. Several metal resistance mechanisms have been identified: exclusion by permeability barrier, intra and extra cellular sequestration, active transport, efflux pumps, enzymatic detoxification, and reduction in the sensitivity of the cellular targets to metal ions 6, 9 . Most mechanism reported involves the efflux of metal ions outside the cell, and genes for tolerance mechanisms have been found on both chromosomes and plasmids. Bacteria that are resistant to and grow on metals play an important role in the biogeochemical cycling of those metal ions.
In this perspective, many approaches have been used to assess the risk proposed by the contaminating metals in soil, water bodies etc. At present the tolerance of soil bacteria to heavy metals has been proposed as an indicator of the potential toxicity of heavy metals to other forms of biota 10, 11 . Therefore, there is a dramatic increase in the interest on studying the interactions of heavy metals with microorganisms. The favored approach now is selecting the organism that can be used to develop tools to assess the metal levels in the environment. The objective of this study was to isolate and identify the bacteria from tannery effluent to determine their tolerance to chromium and copper.
Materials and Methods

Collection of samples
Six effluent samples were collected aseptically from Madina tannery and Rowshan tannery, Baluchara, Chittagong. The pH, temperature and colour of the samples were recorded. Sterile glass bottles, conical flasks, polythene bags, cottons, forceps, and alcohol were used in collecting the samples and after that these were transported, brought to the laboratory and preserved at 4ºC.
Isolation and enumeration of microorganisms
Media namely Nutrient agar, Cetrimide agar, MacConkey agar and Eosin Methylene Blue agar were used for isolation of bacteria from tannery effluents. The inoculated agar plates were incubated at 37ºC for 24 -48 hours in an incubator. After incubation, varied colonies were purified on Nutrient agar plates. Total bacterial count of the samples was determined by serial dilution followed by pour plate and spread plate methods in nutrient agar medium. All the cultures were stored at 4ºC.
Characterization and identification of selected bacterial isolates
Bacterial isolates were characterized and identified on the basis of their morphological, cultural, physiological and biochemical characteristics. 
Evaluation of metal tolerance
The bacterial isolates were tested for their tolerance to chromium and copper by broth dilution method 12 . For this test, 10 different concentration viz. 1.0, 15.0, 30.0, 40.0, 50.0, 60.0, 70.0, 80.0, 90.0 and 95.0 ppm/ml of heavy metal (copper and chromium) containing nutrient broth medium was prepared and dispensed into the test tubes (10 ml/tubes) and sterilized in an autoclave. These modified broths were inoculated with the equal amounts of individual selected organism isolated from the industrial effluent by preparing suspension. For comparing the growth response at different concentration, one set of nutrient broth (without the heavy metal) containing test tubes were inoculated with the selected organisms and used as control. Then incubated at 37°C for 2 to 4 days and observed periodically.
Results and Discussion
The temperature, pH, and total bacterial count of each sample are given in Table 1 . The temperature and pH of the collected samples were found to vary from 26 to 29ºC and 5.7 to 12.2 respectively. The total bacterial count ranged from 10 x 10 3 to 92 x 10 3 (cfu/ml of sample). During the period of study, a total number of 40 bacterial colonies were isolated from 6 tannery effluent samples. Out of the 40 isolates, 14 isolates were selected for further study on the basis of their morphological and cultural diversities. Among the 14 isolates, 6 isolates showed tolerance to both chromium (K 2 Cr 2 O 7 ) and copper (CuSO 4 ) even at their high concentrations. These isolates were found belong to 4 genera, such as Alcaligenes, Bacillus, Enterobacter and Pseudomonas while compared with the standard description of "Bergey's Manual of Determinative Bacteriology", 8 th ed. 13 . An attempt was made to identify them up to species level and provisionally identified as Alcaligenes aquamarinus (S 5 I/1), When natural environments are contaminated with pollutants, the indigenous microbial communities are likely to contain microbial populations of different taxonomic characteristics, which are capable of degrading the contaminating chemicals 14 .
Prior the screening of heavy metal tolerant microorganisms, the bacterial populations were estimated in each original sample. Appreciable number of bacteria has been found to exist in the samples.
Since tannery effluent contain large amount of heavy metals, the effect of Cr and Cu on bacterial growth and the ability to detoxify the pollutants in vitro was the important part of the present study. Microbial tolerance to Cr and Cu was studied visually. Chromium (Cr) tolerance studies on bacteria carried out on solid media could be unsatisfactory since the Cr can be bound to the agar of components in the agar 15, 16 . In our study, the test was carried out in nutrient broth supplemented with chromium and copper of different concentrations range from 1.0 ppm to 95 ppm. It was found that, the growth of all the bacterial isolates decreased with increasing concentration of K 2 Cr 2 O 7 or CuSO 4 ( All the bacterial isolates used in this study showed very highlevel resistance against potassium dichromate and copper sulphate in nutrient broth and the results are in concurrence with the results of many scientists. Bacterial tolerance to chromate (CrO 4 2-) has been found in several Pseudomonas strains 17 . Basu et al. 18 isolated chromium resistant bacteria from effluent of tanneries and found that they could resist up to 250 µg/ml of Cr (VI) in the medium. Megharaj et al. 19 also reported strains, which were isolated from polluted soil, could resist up to 100 µg/ml of Cr (VI). Strains reported by Filali et al. 20 also exhibited different heavy metals resistances.
Resistance of toxic metals in bacteria probably reflects the degree of environmental contamination with these substances and may be directly related to exposure of bacteria to them 21 . However, unpolluted environments may also harbor metal resistant organism or organisms that readily adapt to high concentrations of metals. The incidence of plasmid bearing strains is more in polluted sites than in the unpolluted zone 22 . Baath 23 found that although exposure to metals enhances resistance, the fact that resistant bacteria are found in environments never exposed to high concentrations of heavy metals indicates that heavy metal tolerant species already exist in non-polluted habitats.
Natural habitats are generally characterized by the coexistence of a large number of toxic and non-toxic cations and therefore it is necessary to study multiple metal effects on the physiology and biochemistry of microorganisms 24 . All the six bacterial isolates used in this study were found tolerant to multiple metals. These observations assume great significance because effluent from any metal-related industry contains several metal ions/ contaminants. Furthermore, when there are other metal contaminants, it might be practical to use the heavy metal tolerant bacteria to remove heavy metals 25 .
The industrial effluents are enriched medium to grow and spread of microbial population, which are resistant to different metals. The identification of resistance against different metals may provide a useful tool for the simultaneous monitoring of several toxic pollutants in the environment. It is clearly indicated that domestic waste and industrial waste are responsible for the development of bacterial resistance. All the bacterial isolates used in this study showed very high-level resistance against chromium and copper. The future prospect lies in the application of these bacteria for purposes like heavy metal remediation and potential use in extracting rare metals from dilute solutions or removing toxic metals from industrial effluents.
